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(57) Abstract 

The zirconium-based material proposed according to the present invention contains the following components 
(proportions are given in wt%): niobium 0.5 to 1.5; tin 0.9 to 1.5; iron 0.3 to 0.6; chromium 0.005 to 0.2; carbon 0.005 to 0.04; 
oxygen 0 05 to 0.15; silicon 0.005 to 0.15; zirconium accounting for the remainder. The proposed article made from the said 
material for use in the active zones of atomic reactors has a microstructure formed by the zirconium matrix reinforced by 
particles of tin- and iron-containing intermetallic compounds, at least 60 % by volume of the total quantity of the ,ron- 
containing intermetallic compounds consisting of intermetallic particles of the type Zr(Nb.Fe) 2 , Zr(re,Cr WW, anct 
(ZrNb)oFe The distance between particles is 0.20 to 0.40 pm. The process for producing the above mentioned articles involves 
producing an ingot, preliminary beta-treatment thereof, production of a blank by hot forming the ingot at the termperature at 
which alpha-zirconium exists, annealing the blank at a temperature of 380 to 650 *C, cold forming the blank with 
intermittent annealing at the temperature at which alpha-zirconium exists, and final working of the blank to make the 
finished product. 



(57) PecpepaT 

npefljiaraeMHfi , corjiacno H3o6peTeHHio, MaTepnaji Ha ocHOBe 
UHPkohhh coflepsHT cjieflyromie KOMnoHeHTH b cjie^yiomeM COOT- 
HoraeHMH, Mac.%: hho6hK - 0,5-1,5, ojiobo - 0,9-1,5, Kejie- 
30 - 0,3-0,6, xpom - 0,005-0,2, yiurepofl - 0,005-0,04, 
kvlcjiovor - 0,05-0,15, KpeMHHft - 0,005-0,15, i^hpkohzM - 
ocTaJibHoe. ripe^jraraeMoe Ka^ejine, HcnoJib 3yeMoe b aKTHBHoft 
30H6 aTOMHux peaKTopoB , H3 yKa3aHHoro MaTepnajia HMeeT MHKpo- 
CTpyKTypy, KOTopan npe^cTaBjineT cotfof* uHpKOHneByio MaTpni^y, 
ynpotmeHHyK) tiacTunaMM OJroBocoflepJKaiiprc til scejie30C0flep«amnx 
HHTepMeTaji.7in^OB , npw 3tom no MeHbraeft Niepe 60 06-beMHbix % 
ot oGnjero KOjnraecTBa scej!e30co,n,ep»amHx HHTepMeTaJiJiMflOB coc- 
TaBJiHioT tiacTHi^bi mht epwte TaJiJiHflO b THna Zr(Fb,Fe)2, 
Zr(Pe,Cr,Nb), (ZrlTb^Fe npw paccTOHHHH Meatfly qacTH- 
ijaMH ot 0,20 ,i;o 0,40 mkm. Cnocotf nojiytiernifl H3#ejrHfi, ncnojib- 
3yeMtK b aKTHBHOft 30He aTOMHfaix peaKTopoB, H3 yKa3aHHoro Ma- 
Tepnajia BKJnonaeT H3roTOBJieHwe cjmTKa, npeflBapHTejibHyio 6e- 
Ta-o6pa6oTKy cjihtk& , nojry^eHne 3aroTOBKK nyreM ropjraero 
^opMOBaHMH cjiHTKa npw TeMnepaType cymscTBOBaHH.fi aJib$a-iiwpKO- 
hhh, OT»nr npH TeMnepaType ot 380 ,n,o 650°C, xojioflHoe $opMo- 
BaHHe 3aroTOBKH c npoMeJKyTO^iHbiMH oTJKuraMH npw TeMnepaType 
cymecTBOBaHHH ajibifja-iiupKOHHH h flOBOflKa 3aroTOBKH p,o nojiyqe- 

HHfl TOTOBOrO H3,n,ejIHH. 



HCKJUOWTEJIbHO flJTH I^EJIEft HH*OPMAirHH 



KoflM, HcnojitayeMue flaa o6o3Haieinia cipaH-iaeHOB PCT Ha unyjttHux jmcTax 6ponnop, b kotopux 
nyoxmcyioTCH Mea<£yHapo,mibie 3aHBKH b cooTBe-rcTBHH c PCT. 
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MATEPMM HA OCHOBE UHPKOHMfl, M3 1 I1 T EME 
1/13 3TOrO MATEPMAJ1A, MCri0JlL3yEM0E B 
AKTHBHOfl 30HE ATOMHHX PEAKTOPOB, M 

cnocoB uommm am vizmjM 

OdjiaCTb TeXHHKM 

HacTOOTiee H3o6peTeHMe othochtch k M3roT0BjieHHK) AeTa- 
jieft H3 Koppo3MOHHOCTOi*KKX cnjiaBOB, ncnojib3yeMHX b KauecTBe 

KOHCTpyKUMOHHHX MaTepHaJIOB aKTMBHO^ 30HH aTOMHHX peaKTO- 

poB, a 6ojiee KOHRperao - k MaTepnajiy Ha ocHOBe uhpkohhh, 
n3flejiHio H3 SToro MaTepwajia, wcnojib3yeMOMy b aKTHBHoft 30He 
aTOMHHX peaKTopoB m cnoco6y nojiyxieHHH 3thx n3flejiHM. 
npe,nniecTByiomHfi ypoBeHb TexHHKH 
K yKa3aHHHM MaTepusuiaM m M3^ejiHHM H3 hhx npeAtfiBJifi- 
eTCfl nemPi pa£ Tpe6oBaHH$* no npoxiHOCTHHM xapaKTepucTMKaM, 
Koppo3MOHHoft CTOftKocTH b BOfle h b cpeAe bhc o k o t eMnepaTy p— 
Horo Bcwmoro napa, no cto^kocth k HaBOAopoacHBaHHio, conpo- 
THBJieHHio paAMauMOHHOMy pocTy h noji3y^ecTM. MaTepnaji Romeu 
o6jiap,arb bhcokhmh TexHOJior hxigckmmh xapaK TepHCT MKaMM , no- 
CKOJibKy npeAHa3HatieH ajih H3roTOBjieHHH, HanpMMep, tohko- 
cTeHHHX Tpy6 juifl o6ojiotieK tbsjiob, AHCTaHUHOHnpyioiuHX perae- 

TOK M APyTHX KOHCTpyKTHBHHX SJieMeHTOB aKTHBHOtt 30HH aTOM- 
HHX peaKTopoB. 

B Hantfojibinefi CTeneHH ajiji 3Tofi uejm noAXOAHT MaTepnajiH 
Ha uMpKOHHeBOft ocHOBe, coffepHcamwe 0,5-1,5 Mac.% hho6hh, 
0,9-1,5 Mac.% ojioBa h 0,3-0,6 Mac.% wejie3a hjih b co^eTa- 
hhh c hum 0,2 Mac.% xpoMa. YKasaHHBie MaTepHajm no cpaB- 
HeHHio co cnjiaBaMH, b kotophx coAepHtaHne T peTbero KOMnoHeH- 
Ta He npeBBnnaeT 0,28 Mac.%, objiaflaioT Oojiee bhcokoJ* Koppo- 
3H0HHOK CTOttKOCTbK), BKJIKJtiaH noBHineHHoe conpoTHBjieHne HOAy- 
jinpHoft Koppo3HH, a TaKwe 6ojiee bhcokhm conpoTHBJieHneM pa- 
AHauHOHHOMy pocTy h noji3yuecTH. 

M3BecTeH cnjiaB Ha ocHOBe uhpkohmh (su , AI, 175 1222), 
coAepJKamHfi KOMnoHeHTH b cjieAyiomeM cooTHomeHHn, Mac.%: 

ojiobo 0,9-1,2 

?Kejie3o 0,3-0,6 

HMo6wfi 0,5-1,1 

IJHpKOHHii - OCTaHbHOe. 
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yKa3aHHHM CnJiaB MMeeT flOCTaTOtJHO BblCOKHe XOpOSHOHHO- 

MexaHmecKm cBoKcTBa: npejjeji npoxiHOcra Ha pacTHKSHMe flo 
490-580 (20°C) h 275-365 (350°C) Ivffla, npe«6Ji TeKytiec™ 
ro 345-390 (20°C) h 185-245 C350°C) Ma, Koppo3HOHHyio 
5 cTOHKOCTb b napoBOflflnoft CM6CH npn 300°C H OSJIJ^ieHHe ^0 
toeHCOB 3,7 • IO 24 ( 3400 k I • IO 25 (7840 xt) m" 2 (no 
yBejiHtiemuo Beca) ao 30-40 m 80-95 uv/m , cooTBeTCTBeHHO , 
cKopocTb nojisytiecTH npw TeMnepaType 350°C h Harpyaice 
100 MTIa so a, 3-3, 6) -IO" 5 

10 OflHar-co flJin flaHHoro cnjiaBa xapaKTepHa npejjpacnojioJKeH- 

hoctb k o6pa30BaHHio b CJIHTK6 h Ha paHHHx cTaflHJDC ero nepe- 
pa6oTKH CTpo^etiHoro pacnojiOHteHHii KpynHbK tiacTHu (pa3MepoM 
jio 1,5 mkm) AOCTaTOtiHO ycT-OlfaiHBoro HHTepMeTajiJiHfta, o6ora- 
meHHoro sejie30M (ZrPe3 ), q-ro npH fle$opMaunoHHoK o6pa- 

15 6oTKe cnjiaBa c bhcokhmh CTeneHHMH oGata-run npHBOflHT k 3a- 

POHtfleHHK) MHKpOTpeiqHH B MeCTaX CKOIlJieHHft T&KHX tiaCTHH. JIjir 

vcTpaHeHMfl KpynHLK tjacTHii b cTpyKType cnjiaBa Tpe6yeTCH 
npoBe^eHne 6eTa(/3 ) -odpatfoTOK cJiHTKa c flJiHTejibHbiMH BbmepJK- 



KaMH npn bhcokhx TeMnepaTypax, *ito BHSHBaeT noBhimeHHHE pac- 
20 xofl MeTajuia K3-3a yBeanraeHMfl TOJinjHHb! yflajineMoro rasoHactmeH 

HOrO CJIOH H npMBOJJIT K yflOP'OJKaHHKT H3,n,9JIHK . 



KpoMe Toro, hscmotph Ha rrpHM9HeHne y3-o6pa6oTOK e ro- 

roTOBtK H3flejmHX K3 3Toro cnjiasa e CTpyKType BHOBb o6pa3VK)T 
ch flocTaTOtiHo KpjuHHS (pjo 1,0 mkm) TiacTHiifci scejie30co^ep?Ka- 
25 mux HHTepMeTaji.7iHfiOB , b tom tiwcjie ZrS'e^ 5 B pesyjibTa^e 

tiero odman ruioTHOCTb tiacTHu b ajibdba ( ) — nnpKOHH9Bon MaTpwije 

3aM9TH0 CHWKaeTCH. 06*BHCHHeTCfl 3T0 BHCOKOfi CKJIOHHOCTbK) K 

KoaryjimiHH TaKHX HHTepMeTajum^OB npn TenmepaTypax pexpwcTaJi 

JIH3anH0HHbK <?(-OT?KMrOB Meatfly CTaflHHMH MHOrOKpaTHOR XOJIOfl- 

30 hoB jiedJopMaiTHH , KOTopbie npnM9Hffi0TC5i npw m 3FOtob jighkpi H3^e- 
jihh H3 yKa3aHHoro cnjiaBa. H&Jiwme KpynHbix tiacTHr HHTepMeTaji 
jth^ob c noHKHGHHOH n.TioTHOCTbio pacnpeaejieHHH b MaTpHiTe npw- 

BOflHT K CHJflK9HHK) KOppO 3HOHHOI4 CTOHKOCTH H XapaKTepHCTHX 

conpoTHBJieHHH pa3pymeHHK3 MaTepwajra HSflejms. 
35 M3BecTeH cruiaE Ha ochobs iikpkohhh jijih k3,h,9jihh jierKO- 

BOflHbix peaKTopoB h cnocod ero o6pa6oTKH c riejibK) j^ocTusce- 
HH.q onpe^ejieHHoro yposHH noji3y^9CTK MaTepwana (QUA, A, 
« 5125985). 
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yKa3aHHbifi cnjiaB coflepKHT, Mac.%: 
0,5 - 2,0 hho6mh; 
0,7 - 1,5 ojioBa; 

0,07-0,28 no MeHbiueft Mepe offHoro MeTajma, BudpaHHoro 
H3 rpyimti sjieMeHTOB, BKJiKraaiomeft ?KeJie3o, HHKeJib, xpoM; 
#o 220 mjih" 1 yrjiepo^a; 

OCTaJIbHOe - LmpKOHMtt. 

B yKaaaHHOM cnocode Hcnojibsym- y$ -otscht nocjie skct- 
pysHH, pw npoMewyTOUHHX yMeHbraeHMK noneperaoro ce*ieHHH 

MSfleJIHH H IlpOMGHtyTOmiHX peKpMCTaJIJIHSamiOHHHX ^-OTJKHrOB, 

nocjie xjero cjie^yeT KOHeraoe yMeHbmeHHe cetieHHH h KOHeuHHtt 
othcw HS^eJiMfl juifl chhtmh HanpHKeHwft. Cyrb cnocoda coctoht 
b HaxosweHHH onTMMajibHoro cotieTaHHH CTeneHH yMeHbnieHHH 
pasMepoB nonepetiHoro ceneHMfl mjxejim h TeMnepaTypbi npoMe- 
acyTotiHoro 0THtnra nocjie TaKoro yMeHbmeHHH cenenm Ha CTaflHH 
xojioahoJ* o6pa6oTK M . Ha nocjieflHefi CTaflHH nocjie xoJioflHoft 
o6pa6oTKH MosteT Hcnojib30BaTbCH 6eTa-3aKajiKa. 

Cnocod o6ecnetiHBaeT nojiyneHHe nsflejiHfi c nocTOHHHotf 
GKopocTbio nojisynecTH npn TeMnepaType 385°C, a Tame nojiy- 
TieHHe HSflejiMfi c yMeHbmeHweM iwomaflH noneperaoro ce*ieHKH 
fl o 10-190%. 

OftHaKo MSflejiHfl us ynasaHHoro cnJiaBa HMeioT HeflocTaTo^- 

HO mHpOKHtf KOMIlJieKC K0PP03H0HHHX CBOftCTB, B TOM UMCJie , He- 

AOCTaTOxiHO BHCOKoe conpoTHBJieHHe HOflyJIHpHOft K0PP03MH B 
Kunnmeft Bojxe. OdtHCHfieTCH 3to, rjiaBHHM odpasoM, TeM, trro 
H 3-3a cpaBHHTejibHO HH3Koro coffepscaHHH TpeTbero KOMnOHeH- 
T a, a 3to, KaK npaBmio, acejieso, He yaaeTCH nojiywb onpe- 

fleJieHHHtf KaxieCTBeHHHtt H KOJIH^eCTBeHHHft COCTaB tiacTHU BTopoK 

$a 3 bi h HeofixoAHMyio njioraocTb hx pacnpe^ejieHMfl, odecnexm- 

BaWHX B COBOKyilHOCTH BHCOKHtt ypOBeHb K0PP03H0HHHX M Me- 

xaHM^ecKHX cboBctb, TaK kbk SHatiHTejibHHft odT>eM cpe^K ^ac- 
-rim BTopoft $a3H cocTaBJifliOT nacTHip doraTHe, B ochobhom, 
HModneM, a HcejiesocoflepjKamHe HHTepMeTajuiHflw, KOTopbie onpe- 
flejiHKJT KopposMOHHo-MexaHH^ecKne CBoftCTBa MSflejiMH, odpasy- 
KTCfl b NiajioM KOJiM^iecTBe h 6oJibmMM Me scuac T H*iHHM paCCTOfi- 
HweM (dojiee 0,50 mkm). 

KpoMe Toro, ncnojib3yfl npesJiaraeMbiB cnocod odpadoTKM, 
HeB03MOJKHo fl o6nTbCfl b HSflejiHH CQTieTaHHfl BHCOKoro conpo- 
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THBjieHHfl nojiaynecTH, TpewHHocToftKocTW h conpoTHBjieHHH Kop- 
po3MM, b tom iiHCjie flJiH cnjiaBOB c 6ojiee bhcokhm coflep?mHHeM 
Htejie3a - ot 0,3 ro 0,6 Mac.%. OoijflCHHeTCH sto TeM, uto He 

y^aeTCH floCttTbCfl BHCOKOft OflHOpOflHOCTK 3epHHCT0M CTpyKTypw 

5 MaTpHqu cnjiaBa c paBHOMepHO pacnpe^ejieHHUMH b Heft MejiKo- 
^HcnepcHHMH uacTMD,aMM (MeHee 0,1-0,2 mkm) BTopoft $a3bi. flpn 
o6pa6oTKe 6e3 6eTa-3aKajiKM Ha cTaflHH xanoflHoft fle(|)opMai]Mn 
cjiMTKa b CTpyKType ciuiaBa, b ochobhom, npncyTCTByiOT tiacTH- 
utbi BTopoft $a3w pa3MepoM 0,1-0,4 mkm, trro He o6ecnetiMBaeT 

10 flocTa-rotiHO BHCOKyio Koppo3HOHHyio CToftKOCTb cnjiaBa. KpoMe 
Toro, npH TanoK o6pa6oTKe He yijaeTCH M36esaTb HajimiHH ot- 
flejibHbix KpynHbix , pa3MepoM #o 1,5 mkm, BbwejieHHft HHTepMe Taji— 
jiHflOB Tuna. ZrFe^ , KOTopbie b cjiy^ae hx CKoiuieHMfl chh- 
HcaioT BH3K0CTb h TpemHHOCToftKocTb MaTepwajia. IlpMMeHeHMe 

15 6eTa-3aKajiKM Ha nocjieflHeft CTa#nn xojio,n;Hoft o6pa6oTKM no3BO- 
juieT M36e»caTb o(5pa3 oBaHHH KpynHux HHTepMeTajijiHflOB b CTpyK- 
Type cnjiaBa, o£HaKo oflHOKpaTHoft #e$opMaiyiH v oTswra nocjie 
3aKajiKH HeflocTaTotfflo ajih ycTpaHeHHfl HacjieflyeMoft CTpone^- 
hocth b pacnojioHceHHH BbiflejieHHK BTopoft $a3H m nojiy^eHHH, B 

20 LiejIOM, OflHOpOflHGft Me JIK O 3 e pH HC T O ft CTpyKTypH CO CTa6HJIbHO 

BHCOKHM ypOBHeM K0pp03H0HH0ft CTOttKOCTH H COIipOTHBJieHHH pa3- 

pymeHHio. KpoMe Toro, nocjie 6eTa-3aKajiKn Ha nocjieflHeft CTa- 
flHM o6padoTKn BCJieflCTBHe 3aKajio*iHNX HanpHJKeHHft MaTepwaji 
(oco6eHHo cruiaBbi c noBbimeHHbiM coflepscaHHeM Hcejie3a) HMeeT 
25 noHHHceHHUH 3anac TexHOJiorntiecKoft nuacTHUHOCTH, uto He no3- 
BOJineT Hcnojib30BaTb BbicoKiie CTeneHH xojio^Hoft Ae$opMai^iH 
Ha nocjiejmeft cTa^HH o6pa6oTKM h cymecTBeHHO orpaHmiMBaeT 

B03M03KH0CTb IlpHMeHeHHH flaHHOrO Cri0C06a flJIH H3flejIHft C 60JIb- 

himm yMeHbraeHHeM nonepetiHoro cetieHHfi Ha $hhhuihom 3Tane se- 
30 $OpMai^MOHHOM o6pa6oTKH, 

M3BecTeH MaTepnaji Ha ocHOBe tyipKOHMH h cnocod nojiyqe- 
HHH H3flejiHfl M3 Hero (CIliA, A, f5 4649023). MaTepnaji coaep- 
hcht, Mac.%: 0,5 - 2,0 hmoomh; 0,9-1,5 ojioBa; 0,09-0,11 
TpeTbero KOMnoHeHTa M3 rpynrm, BKjiiotiaiomeft ?Kejie30, xpoM, 
35 M0Jin6fleH, BaHaflHft, Meflb, HMKejib h BOJib<|)paM; ocT&nbHoe - 

UMpKOHHft. 

Cnoco6 nojiy^ieHHH H3Aejinft BKjnonaeT cjieflyiomne CTajn,HH: 
- H3r oTOBjieHHe cjiHTKa m o6padoTKa flaBJieHneM c nojiy^e- 



WO 94/23081 



PCT/RU93/00180 



- 5 - 

HHeM 3aroTOBKn; 

- 6eTa-o6pa6oTKa (3anajiKa) 3aroTOBKH; 

- nepBOHaxisuibHan Mexamwecicafl o6pa6oTKa 3aroTOBKK 
npH TeMnepaType Huace 650°C; 

3 - 6eTa-oTHCnr (c ohctphm oxjiasyjeHHeM); 

- NiexaHireecKaH o6pa6oTKa nyTeM MHorocTajxHftHOft xojioa- 
Hoft o6pa6oTKH npw TeMnepaType MeHee 650°C; 

- OTJKHT Mew cTaAHHMH xqjioahoh o6pa6oTKn npn TeMne- 
paType 500-650°C; q 

10 - KOHe^HHi* otjkht npn TeMnepaType HHace 650 C. 

OnucaHHHft cnoco(5 odecnetiMBaeT paBHOMepHoe pacngefle- 
jieHHe xiacTHU, BTopofi $a3ti cpe^HHM pa3MepoM MeHee 800 A b 
MHKp o c Tpy k Type MaTepnajia, uto sejiaeT ero ycToftuHBHM k 
Koppo3HH k HacHiueHHK) BOflopojioM b cpe^e BbicoKOTeMnepaTyp- 
15 Horo BOAflHoro napa aTOMHHX peaKTopoB. 

O^HaKO H3-3a HH3Koro coAepiKaHHH TpeTbero KOMnoHeHTa 
b MaTepnajie mioTHocTb nacTHU. BTopoft $a3u, coflepscamux »e- 
jie30, HeAOCTaTOxiHa, vro6u odecnetiHTb MaTepna>iy 6ojiee bhco- 

kviVl ypoBeHb COnpOTHBJieHHfl K0pp03HM. 

20 KpoMe Toro, yKasaHHHf! cnocod mo see t OHTb ncnojib30BaH 
TOJibKo RJiH npon3BOflCTBa mnemfi H3 uHpKOHHeBbix MaTepwajioB, 
coflepEamwx TpeTHfi KOMnoHeHT He 6ojiee 0,25 Mac. 56. Mcnojib- 
30BaHHe 3Toro cnocoda jura mjxeJiviVi m MaTepwajia c 6ojiee bh- 
cokmm coflepataHHeM TpeTbero KOMnoHeHTa (ot 0,3 £0 0,6 Mac.%) 

25 npHBOAHT k noBbnneHHOMy npoueHTy 6paKa no MHKpoTpemnH8M 
nocjie nepBoft xojioffHofi npoKaTKH c .nocTaTOxmo bhcokhmh CTe- 
neHHMH ofiHcaTMH, npMMeHfleMbiMH Ha npaKTHKe. 06-hHCHHeTCH 3to 
noHHHceHHO^ TexHOJiorntjecKofi imacTHtmocTMO MaTepwajia H3-3a 

BblCOKOrO ypOBHfl B HeM OCTaTOUHHX 3aKajI0^HHX HanpHKeHHft B 

30 pe3yjibTaTe 6eTa-OTKHra m nocjieflyiomero 6bicTporo oxjiascfleHMH, 
npHMeHHeMbix nepe# onepaiyiHMH xojioffHott nponaTKH. 

OcymecTBjieHwe bo H3 6eJK&HHe pacTpecKHBaHHH MaTepnajia 
nepBoft xojioahok npoKaTKH c hh3khmh CTeneHHMH oorcaTHH bh- 
3HBaeT Heo6xoAHMocTb npoBeffeHHH dojibinoro uwcjia onepauHft 

35 xojioflHOM Ae$opMamiH c npoMe?KyTO*iHHMM oTraraMw, uto AejiaeT 
cnoco6 cymecTBeHHo MeHee 3K oh omiwhum . IIpH 3tom yxyjmiaioT- 
ch h Koppo3MOHHo— MexaHM^ecKne CBO^cTBa MaTepnajia H3-3a 
$opMnpoBaHHH b MaTepwajie HSflejiHfl MeHee MejiKosepHHCTow m 
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OflHOpOflHOf* CTpVKTypbl C dOJI96 KpVITHblMM BbmejieHHflMH tiaCTHP 

BTopoH $a3H c ueym&cTwmhm paccroHHHeM nop^Ka 0,45 - 

0,50 MKM. CBH38H0 3T0 C TQM , *IT0 B flaHHOM CJiy^iaS , npOMS- 

styTO^iHHK otschp npoBOflHTCH npn dojiee bhcokoK TeMnepaType 
5 h 6oJiee npoflOJEKHTejibHoe BpeMH. tito b KOHe^iHOM HTore k 

npHBO^HT K POCTV 3epHa H ^aCTHII BTOPOH $a3K. 
PaCKpHTHS H306peTeHHH 

B ocHOBy HacTonmero HSodpereHHH nocTa'BJieHa 3aflatia 
co3,naTb MaTepwaji Ha ocHOBe uhpkohhh, H3flejine H3 9?oro Ma- 
10 TepnaJia, ncnojib3yeMoe b aKTHBHofi 30He aTOMHbix peaKTcpoB,n 
cnoco6 nojiyxieHKH bthx Hapejinft. KOTopue 3a ctieT co3flaHHfi 
p H3fl6.nwH onps^ejieHHOH mhk p o c Tp vk t ypH ofiecnetiKJiH oh sthm 

H3^eJIHHM 60Jiee BHCOKHft ypOBeHb X0pp03H0HH08 CTOftKOCTK, co- 
npOTHBJI8HHJT pa3pyni9HHK) H CTOHKOCTK paflHailHOHHOMy pOCTV H 

15 noji3yq9CTK. 

TaKoe bobmojkho. so-nspBbix, 3a c^st ycTpaneHHfi e Ma- 
Tepnajie- c noBbnnsHHBHv*- co^t,epscaHneM acejie3a npeflpacnojio?KeH- 
HOCTH K Odpa30BaHraO KpynHbDC qaCTHU KHTepweTajiJiJiaoB , BO- 
BTopbx, 3a c^st noBbcneHHH 3anaca TexHOJionraecKoft njiacrirc- 

20 hoctm 3aroTOBOK k CTaflMH xoJioflHonpoKaTHoro nepeflejia, *ito 
no3BOJiHe? wcnojib30BaTb ^ocTaTOtiHO BbicoKwe CTeneHH ji;e$op- 
MaijMM Ha nepBbix aTanax hx xojiojorHoft o<5pa6oTKK. B csod o*is- 
veRb , nocjisjmee yjiymnaeT ofiHopojiHOCTb CTpyKTypy MaTepna- 
Jia h cnocodcTByeT Sopmmp o b aHHK) onpejiejieHHoro cocrasa, anc- 

25 nepcHocTK w paBHOMepHOCTH pacrrpeflejieHiifi b uupKOHneBofi MaT- 
PHire qacTHu BTopofi $a3bi, b pe3yjibTaTe tiero odecnetiKBaroT- 
ch 6ojiee BbicoKne 3KcruiyaTanH0HHHe xapaKTepucTHKH H3flejrnl5, 

E TOM TfflCJie, K0PP03H0HHaH CTOftKOCTb E Cpefl6 BHCOKOTSMne- 

paTypHoro BOflfiHoro napa, conpoTHBJiSHHe pa3pymeHnro h ctoM- 
30 KOCTb paji,HanHOHHOMy pocTy h noJi3y*iecTM. 

IlocTaBJieHHaH 3a,n,atia pemeHa co3flaHK9M MarepHajia Ha oc- 

H0B9 UHPKOHHH. COflepJKaiHerO HH06h8, OJIOBO, JK9.7I9 30, XPOM. 

yr.jiexjofl , xKCJiopcn, h KpeMHHvL HM8iom9ro MHKpocTpyKTypy , bkjik> 
tiaiomyK) tiacmuH oJiOBOcoflepscamiix h Keji9 30co^9p^amHX HHTep- 
35 MeTaJUMflOB , -coTopaK, corjiacno H3o6p9T9Hnra, co^epacHT komho- 
H9HTbi e cJie^yioiqeM cooTHomeHMK, b Mac.^: 

hho6hK 0,5-1,5 

ojiobo C.9-1,5 

^e.^e30 0,3-0,6 
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xpoM 0,005-0,2 
yrjiepofl 0,005-0,04 
KHCJiopofl 0, 05-0, 15 
KpeMHHft 0, 005-0, 15 

5 mHpKOHHfi - OCTajIbHOe, 

npw btom MMKpocTpyKTypa BKjirotiaeT tiacTHUbi HtejiesocoflepHcamux 
HHTepMeTajlJWflOB THna Zr(Nb,Fe)^, Zn(Nb,Br,Fe) , (Zr .ITb)^, 
cyMMa KOTopbix paBHa hjim dojiee 60 06'beMHHX % ot o6mero co- 
flepscaHMH Kejie3ocoAepHtamHX hht epMe t ajuin#0B npn paccTOHHMH 

10 Meatfly tiacTHuaMM ot 0,20 p,o 0,40 mkm. 

HajiH^we yKa3aHHbK KOMnoHeHTOB n b yKa3aHH0M KOJiHtiecT- 
Be o6ecne^HBaeT b npouecee H3r OTOBjieHUH mRejmfi H3 yKa3aH- 
Horo MaTepwajia oopa30BaHne BcX'-ujipKOHHeBofi MaTpmje tiacTHD, 
BTOpofl $a3bi THna Zr(mD,Fe) 2 , Zn(Fe,Cr,ITb) , (Zn,Nb) 3 Fe f 

15 KpTopue onpe,nejifiK)T BbicoKne Koppo3MOHHo-MexaHHtiecKne cboB- 
CTBa H3Aejinfl. IlpH 9tom KojiHtiecTBo 3thx xjacTHu; b o6meM 
06'BeMe stejie3ocoflep}KamHX BbiflejieHHfi BTopofi $a3H cocTaBjmeT 
60 06.% vi 6ojiee, a paccTOHHwe Meatfly sthmh ^acTnu,aMH coc- 
TaBjineT ot 0,20 flo 0,40 mkm. 

20 AotfaBKa xpoMa b MaTepwaji c coflepKaHHeM »cejie3a ot 0,3 

0,6 Mac.% cnoco6cTByeT H3Mejib*ieHHK) TiacTHU, HHTepMeTSui- 
jiHflOB b CTpyKType cjiHTKa h Ha paHHHx CTaflHHX ero nepepa- 
doTKM 3a &ieT CBH3biBaHHH 3HatiMTejibHoft nacTH Htejie3a B MH- 
TepMeTajuiMflbi, coflepacamne ljhpkohhm, «ejie3o m xpoM, pa3Mep 

25 kotophx 3HaxiHTejibH0 MeHbme ,ueM pa3Mep tiacTMU, Tuna ZrFe^ , 
o6pa3yiomHXCH b MaTepnajie b oTcyTCTBiw xpoMa. B pe3yjibTaTe 
xiero He TpeoyeTCH npoBefleHHfl flJiHTejibHbix BbicoKOTeMnepaTyp- 
hux BHflepateK npn -oopadoTKe . noBMiieHHoe coflepacaHne ace- 
jie3a b MaTepnajie ofiecnetiHBaeT b H3flejMH HeooxoflMMbift coc- 

30' TaB h KOJiHtiecTBo Hcejie3ocoflepacainHX HHTepMeTajiJiHflOB, tbkhx 
KaK Zr(iTb,Fe) 2 , Zr (ifo,Gr ,Fe) , (Zr ,iib) 3 Pe » K0 " 

Topbie onpe^ejifliOT BbicoKne Koppo3MOHHO-MexaHH^iecKMe CBoftcTBa 
K3flejMH. KpeMHuft h yrjiepofl flonojiHHTejibHo H3Mejibtiai0T m no- 
BbimaBT oflHopoffHocTb cTpyKTypbi MaTepwajia. Kwcjiopofl TaKHte 

35 n3Mejib^aeT cTpyKTypy h Hcnojib3yeTCH eme Kan TBepflopacTBo- 

pHtiffi ynpo^HHTejib. 

Bee BbnuenepeuHCJieHHbie $aKTopbi npw noJiy^eHnw, corjiacHO 
M3o6peTeHMK, H3fleJiHfi M3 npeflJiaraeMor 0 MaTepHajia»Hcnojib3yeMbix 
b aKTHBHOM 30He aTOMHbix peaKTOpoB . cnoco6cT- 
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ByiOT $OpMHpOBaHHK) B KOHe^IHOM M3fleJIHH OffHOpOflHOfi MeJIK03ep- 

HHCTOfi -UHpKOHMeBoM MaTpnubi c paBHOMepHO pacnpeflejieH- 
hhmm b nePi xiacTHijaMM stejieaocoflepscamux HHTepMeTajijiwflOB, 
ocHOBHan Macca KOTopbix MMeeT pa3Mepbi MeHee 0, I mkm npK 

5 MeKXiaCTIWHOM paCCTOHHMH OT 0,20 MKM AO 0,40 MKM, IipH 3T0M 

He MeHee 60 06 .% tjacTHn. b cyMMe cocTaBJiniOT HHTepMeTaji- 
JIH£H Tuna Zr(ITb,Fe) 2 , Zr (NTd, Cr, Fe), (Zr, Wd)-^&» 

HajiHUHe TaKofi MHKpocTpyKTypH b M3,n,eJiHH H3 flaHHoro cnjia- 

Ba 06eCnet?MBaeT MM BblCOKyK) K0pp03M0HHyK) CTOftKOCTb, BKJIIO- 

10 *iaH noBtraieHHoe conpoTMBJieHHe HopyjuqmoVi Koppo3HH, BHCOKyw 
njiacTHtiHOCTb h conpoTHBJieHHe pa3pyineHHK), noBbimeHHyio CToft- 
koctb k pa^Hau^oHHOMy pocTy m noji3yxiecTM. 

nocTaBJieHHan 3a^ana pemeHa TaKace C03,naHHeM cnoco6a 
nojiytieHHH usRemVi, ncnojib3yeMbix b aKTHBHOfi 30He aroMHbix 
15 peaKTopoB ,M3 MaTepnajia Ha ocHOBe ljkpkohhh, coffepscamero hh- 
o6nft, ojiobo, Kejieso, xpoM, yrjiepoA, KHCJiopoA, KpeMHMfi, 
BKjiiouaiomero n3roTOBJieHne cjimtkb, npeflBapHTejibHyio ^-o6pa6oT- 
Ky cjiHTKa, nojiy^eHKe 3aroT0BKn nyTeM ropjraero $opMOBaHHfi 
cjiHTKa npn TeMnepaType cymecTBOBaHHH ^-uhpkohhh, xojioa- 
20 Hoe $opMOBaHwe 3aroTOBKn c npoMe ?Ky t 0 ■mHHMn 0TscnraMM npw 
TeMnepaType cymecTBOBaHHH °C -uhpkohwh m flOBOflKa 3aroTOBKH 
flO TOTOBOrO M3fleJMfl, b kotopom, corjiacHO H306peTeHHK), hc- 
nojib3yioT MaTepnan, coMepacamufi KOMnoHeHTbi b cjie^yiomeM coot- 
HoineHHH, Mac.%: 
25 HHo6nft - 0,5-1,5 

ojiobo - 0,9-1,5 
Htejie3o - 0,3-0,6 
xpoM - 0,005-0,2 
yrjiepofl - 0,005-0,04 
30 KHCJiopoA - 0,05-0,15 

KpeMHH^ - 0,005-0,15 

IJWpKOHHft - OCTajIbHOe, 

npw 9tom nocjie ropfraero $opMOBaHMH cjiHTKa npw TeMnepaType 
cymecTBOBaHHH ^-n^ipKOHMH 3aroTOBKy oTHwraiOT npw TeMnepa- 
35 Type ot 380° ao 650°C. 

Hcnojib30BaHMe npeAJiaraeMoro cnoco6a no3BOJifleT noBbi— 
CMTb 3anac TexHOJiorimecKoft njiacTpmHOCTM MaTepnajia 3a cmeT 
(fjopMHpoBaHHH npn yK33aHH0M (X'-oTHcure 6ojiee paBHOBecHoft m 
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OflHOpOflHOtf C TCHIKH 3peHHfl CTeneHH peKpHCTajiJiH3amiH CTpyK- 
TypH Mar-pum c Cojiee HH3KoR njioTHOCTbio flMCJioKaLjHft. Oaho- 
BpeMeHHo c npoueccoM peKpncTajijiM3auHM^-i;HpKOHMeBoK MaT- 
pnubi HaxiHHaraT odpa30BHBaTbCfl ^acTMqbi BTopoft $a3H Tuna 
5 Zr'(Nb f Fe) 2 , Zr(ifb,Cr ,Pe) , (Zr .Nb.jJb^e. 3to flaeT B03- 

MOJKHOCTb OCymeCTBJIHTb XOJIOflHOe $OpMOBaHHe 3ar0T0BKH Ha 

nepBux cTa^HHX c noBHineHHHMH CTeneHHMH Ee<£opMai#iM. Bojiee 
BbicoKan CTeneHb fletlopMauHH MeTajuia Ha nepBOM 3Tane xojioa- 
hoVi odpadoTKH cnoco6cTByeT CHHHteHHio TeMnepaTypw Hatiajia 

10 peKpnCTajuiH3ai;HH 3epHHCTOH CTpyKTypbi npn nocjieflyiomeM npo- 
MeacyTOtiHOM oTKwre 3a ctieT yBejumeHUH HanonjieHHoft npn fle$op- 
Mau.nn 3Heprnn aKTHBauHH 3Toro npouecca. TaKan cmyanyin 
no3BOjifleT npoBOAHTb npoMeacyTOtiHHM otjkht Me?py cTa#nflMH xo- 
jioflHoK o6pa6oTKH npn 6ojiee HH3Koft TeMnepaType, *ito 3aMefl- 

15 jifieT poCT nacTim BTopotf $a3H flpyroro Tuna (Hanprniep, ZrFe^ ) 
bo BpeMfl OToro OTacura. 3to Tansce cnoco6cTByeT o6pa30BaHHio 
qacTHi; BTopoft $a3H Tuna ZaCiTbFe) 2 »2.n(Fb,Gr,Fe) , 

(ZaNTa^Fe b KojiH^iecTBe 60 o6-beMHbix % h dojiee ot oomero 
KOJiimecTBa !Kejie3ocoflep}KamHX HHTepMeTajuiH,noB, a Tanwe 6o- 

20 Jiee flHcnepcHOMy pacnpe#ejieHHio tiacTMU, BTopott $a3bi b o6-beue 
H3AejiMH. A 9to, b cbok) o^iepeflb, 6jiaronpnHTHo cKa3HBaeTCH 
Ha 3KcnjiyaTauH0HHbix xapaKTepHCTHKax n3flejiHH, tbkhx k&k 

K0ppO3HOHHaH CTOftKOCTb, nJiaCTH^HOCTb H conpoTHBJieHne pa3- 

pymeHMio. 

25 KpoMe Toro, yBejnraeHne CTeneHH fle^opMaunH MaTepwajia 

Ha nepBbix CTa^Hnx xojioflHoro $ opMo b bh ha 3aroTOBKn noBHnia- 
eT TexHOJioriWHOCTb cnoco6a h #ejiaeT npouecc H3r oTOBjieHMH 
H3flejinK dojiee skohomjtohhm, tito no3BOJineT pacnpocTpaHHTb 
ero Ha 6ojibmyK> HOMSHKjiaTypy uwpKOHHeBHX MaTepnajioB h H3#e- 

30 jm% H3 HHX. 

JKejiaTejibHO nooie J3 -o6pa6oTKH nepefl ropfrauM $opMOBa- 
HHeM cjiHTKa 3aroTOBKy oTKHraTb npn TeMnepaType 380-650 C. 
Tanoft othcht CHMMaeT 3aKajio^Hbie HanpHHceHHH, yMeHbmaeT h bh- 
paBHMBaeT njioTHocTb flKOioKauuft no cevenvijo 3aroTOBKH h npw- 

35 boaht MaTepnaji k dojiee paBHOBecHOMy coctohhmio, mo cymecT- 
BeHHO noBbnnaeT 3anac ero roiacTM^iHOCTM h ba3Kocth. B pe3yjib- 
TaTe. Tanoro OTSwra npouecc ropfl^iero $opMOBaHHfl mokho npo- 
BOflHTb c 6oJibiueM bhthjkkom h npn 6ojiee hh3kopi TeMnepaType. 
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0co6eHHO bshcho npHMeHeHHe 3Toro oTinwra rjir MaTepnajioB c co 
AepHtaHweM «ejie3a 0,3-0,6 Mac.%, Tan KaK c yBejnraeHweM co- 
flepstaHMH »cejie3a, Ha KaKflbie ero 0,1 Mac.%, TeMnepaTypa nepe 
xojja ( o( ruiioc y§ ) CTpyKTypw b <^-CTpyKTypy CHiwaeTCfl 
5 npH6jw3HTejibH0 Ha I5°C. IloaTOMy npeflJiaraeMbifi otscht nocjie 
/% -o6pa6oTKH AaeT B03M0?KH0CTb npoBe,iieHMH ropfraero $opMO- 
BaHHH c bncokhmh CTeneHHMH BHTHJKKH npM dojiee HH3Kofi TeMne- 
paType, *ito AejiaeT npe,n;jiaraeMbift cnoco(5 dojiee yHHBepcajib- 

HblM. 

10 D,ejiecoo6pa3HO nepeflcX'-oTHCHTOM nocjie ropjpiero (|)opMOBa- 

hhh 3aroTOBKy noflBepraTb y2-.3aKa.nKe c TeMnepaTypa ot 900 
AO II00°C, npw 3tom yKa3aHHu{r cX-othcmt ocyiuecTBJiHTb npn 
TeMnepaType ot 380 #o 520°C. 

npH TaKOM co^eTaHHM — 3aKajiKn h ^-oTJKura nocjie ropn 

15 ^ero $opMOBaHHH odecnenHBaeTCji BbicoKHfi 3anac TexHOJiorn- 
tiecKofr njiacTHUHOCTH b MaTepwajie. Ilpn 3tom xojiOAHoe $opMo- 
BaHne 3aroTOBKH Ha HayajibHoM CTa^MH mojkho npoBOflHTb c bh- 
cokmmh CTeneHHMH o6»caTHH. IlpMMeHeHHe yKasaHHoK^-saKajiKH 
c cjC-otjkhtom nepefl xojio,imoft o6pa6oTKofi 3aroTOBKM npHBOflHT 

20 k 6ojiee Me-jiKOAHcnepcHOMy pacnpeaejieHMio iiacTHi; BTopoft $a3bi 
b MaTpnu[e M3ffejiHH. Ilojiy^aeTCH sto 3a c^eT Toro, *rro y#-3a- 
Kajina nojiHOCTbio pacTBopneT HHTepMeTajijiHflbi m flpyrne nacTHUbi 
BTopoR $a3u, o6pa30BaBmHecH Ha paHHHX CTaflunx TexHOJiorn- 
tiecKoro nepejotejia. IIocjieAyioiuHft ^-otjkht npw TeMnepaType 

25 380-520°C CHHMaeT 3aKajiotiHbie HanpnHceHHH, CHMHcaeT mioTHocTb 
AHCJioKau;MK b MaTpnue b pe3yjibTaTe nponecca nojiHTOHH3aunH, 

HO He npHBOflHT K nOBTOpHOMy 06pa30BaHHK) HHTepMeTajIJIMflOB M 

flpyrHX ^acTMi; BTopofi $a3H M3 y$ -UHpKOHHeBbix npocjioeK, pac- 
nojioHceHHbix Mescfly njiacTHHaMM 3aKajieHH0ft CTpyKTypbi MapTeH- 

30 CHTHOrO THna. HpOCJIOftKH COXpaHHMT CBOIO $OpMy M OCTaKTCfl 
flOCTaTO^IHO njiaCTH^HHMM, M3MeHflH JIMIb CBOK) BHyTpeHHKDHD MHK— 

pocTpyKTypy. TaKan 3 axa jieHH o— ot oscHteHHafl njiacTHHtiaTan CTpyn 
Typa no cpaBHeHHio co CTpyKTypoft nocjie ^/^-3aKajiKM 6e3 ^-OT- 
KHra, MMeeT cyiuecTBeHHo 6ojiee bhcokhK 3anac bh3koctm, xito 
35 no3BOJiHeT ocymecTBJiHTb xojioflHoe $opMOBaHMe 3aroTOBKn c 
dojiee bhcokmmk CTeneHHMH odscaTMH. B pe3yjibTaTe xojioflHoro 

$OpMOBaHMH^^-impKOHHeBbie npOCJIOfiKM 3aKajieHH0— OTOHOKeHHOft 
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CTpyKTypn MaTepwajia BHTflTHBaioTCH b HanpaBjieHKK npoKaTKM, 
yTOHHHCb h xiacTH^iHO $parMeHTnpyH b Han6ojiee HanpflfteH- 
hhx ytiacTKax. nocneflyKWHi* otscht npHBOflHT k oopasoBaHHio 

H3 3TMX TOHKMX npOCJIOeK OOJiee MeJlKHX XiaCTHU BTopoft $a3H, 

5 b ochobhom, Tuna Zr (Kb ,Pe) 2 , Zr (i\Tb ,Cr ,Pe ) , (Zr,!^)^ 

h b 6ojibnieM KOjiH^ecTBe. Vbm 6ojibine CTeneHb xojioflHoi! fle<f)op- 
uauym, TeM TOHbme mokho nojiy^MTb npocjioftKM k otjkht npoBo- 
flHTb npw 6ojiee HH3Koft TeMnepaType, He flonycKan pocTa ^ac- 
thu. TaKHM odpa30M, b KOHeuHOM M3flejiHH MejiKo^ncnepcHbie tiac- 

10 thi?j yKa3aHHoro Tuna o6pa3yioTCH b KOJiwuecTBe 50 o6.% k 
CoJiee ot o6mero odteMa rceJie3ocoflepiKaiitfix nacTm BTopoft 
$a3bi h 6ynyT paBHOMepHO pacnpe#ejieHH b MaTpnue M3flejinH c 
bhcokoM njiOTHOCTbio. TaKan MHKpocTpyKTypa otoflaeT 6ojiee 
bhcoko$ njiacTHtmocTbK), conpoTHBJieHHeM pa3pymeHHB h Kop- 

J5 p03H0HH0ft CTOftKOCTbK). 

HtejiaTejibHO y^-sanajiKy npoBOflHTb co CKopocTb© ot 60 C/c 
flo I000°C/c. B 3tom cjiytiae odpa3yeTCfl 6ojiee MejiKOflHcnepc- 
Han CTpyKTypa c y3KHMn njiacTMHaMU HepaBHOBecHofi ^-ljhpkohk- 
eBOM $a3H, Meatfly kotophmh HaxoflHTCH dojiee TOHKne npocjiotfKH 

20 — ijupn oh He b oft $a3H, M3 KOTopbix npw nocjieflyiomHX onepaunflx 
xoJioflHoK odpa6oTKH c npoMe wyT o^^hmmh oTHcuraMH o6pa3yKTCfi 
HHTepMeTajuiHflbi h flpyrne TiacTHiibi BTopoft $a3H. HeM MeHbrae 
njiacTMHbi h TOHbme npocjioiiKM Meatfly hhmh, TeM Mejib^e o6pa- 
3yi0TCH tiacTHttbi BTopofi $a3H, MeHbnie MearcacTiraHoe paCCTOHHHe 

25 k, cooTBeTCTBeHHO, Cojibine iuioTHOCTb 3thx TiacTHU. Bojiee 
AHcnepcHoe h paBHOMepHoe pacnpeflejieHue uacTim BTopoft $a3H 
b MaTpuqe H3flejmfl npHBOflMT k dojiee bhcokom iwacTHtmocTM, 

COIipOTHBJieHHK) pa3pynieHH10 K K0ppO3HOHH0ft CTOftKOCTH. 

JlymnHH BapnaHT ocymecTBjieHHH M3o6peTeHHH 
30 Cnocod H3r oTOBJieHHH M3flejiHft (HanpwMep Tpy6), Hcnojib- 

3yeMbix b aKTHBHOti 30He aTOMHHX peaKTopoBj. M3 MaTepwajia Ha 
ocHOBe u,npKOHHH, ocymecTBjiHeTCH cjieflyiomHM o6pa30M. 

Cjimtok H3 MaTepwajia, coflepftamero, Mac.%: 0,5-1,5 hmo- 
6m, 0,9-1,5 ojioBa, 0,3-0,6 Htejiesa, 0,005-0,2 xpoMa, 
35 0,005-0,04 yrjiepofla, 0,05-0,15 KHCJiopofla, 0,005-0,15 KpeM— 
hhh, ocTanbHoe - mqpKOHHfi, H3roTaBJiHBawT , HanpHMep, Bany- 
yMHO-flyroBHM nepenjiaBOM. 

HsuiiWHe yKa3aHHbix KOMnoHeHTOB npn hx yKa3aHH0M coot- 
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HoraeHKH o6ecneqw3aeT ns&emm bhcokhB yposeHb KopD0 3HOH- 
hoE oToHxocTH, conpoTMBJisHHH pa3pyraeHJ«o it ctomkocth pa#na- 
ithohhomv pocTy h noJi3ytiecTK. B KatiecTBe ochobh MaTepHaJia 
Hcno.Jib3yeTCH tjhpkohhi^, otfjiaflaicramM HH3KHM cetieHweM 3axsaTa 
5 HefiTpoHOB, h HawdoJiee ranpoKO Hcnojib3yeMHft e a?OMHoft 9Hep- 



O.710B0 noBfamiaeT koppo3mohhvk) ctoKkoct*d uzpkohhh k rjias- 
hbim o6pa30M. o6ecne^HBaeT eMy H9o6xoflMMbiw ypoBeHb npotiHOc- 
TH, COnpOTHB.TlSHMH no.7i3yxiecTH h APyrwx 3KCnJTyaTaUM0HHUX 
10 xapaK^epHCTMK. 

HoBbmieHHoe co^epKaHMe >Ke.7ie3a ofiecnetiHBaeT b M3fleJiMK 

HeoSxOflHMblfi COCTaB H KOJIWtieCTBO 3Kejie30COfl9p3KamHX HHTep- 

MeTa-JUiHflOB TarcHX Ka:<: Zr(Fb,Fe) 2 , Zr (Fe, Cr, Nb) , 



15 MexaHH^ecKHe csowcTBa HSflejiHjr; 

^ofiaBKH xpoMa b mbt epna.7i c noBbimeHHbiM cOAepJKaHHeM 
jKejie3a cnoco6cTByroT M3MejibneHMio tiacTHii HHTepMeTaJiJiHAOB b 
CTpyKType . cjiHTKa h Ha. paHHMX CTaflHHX ero nepepafioTKH. 
B pe3yjibTaTe tjero He Tpe6yeTCH npoBe^eHHH jyiHTejibHtix 



KpeMHwM h yrjiepojn, H3MejibtiaioT m noBbnnaioT ofiHopoflHOCT-b 
CTpyKTypbi MaTepwajia. 

rfecjiopojx H3MeJibiiaeT cTpyKTypy MaTepnajia, a Tax ste 

HCnOJIb3VeTCH KaK TBepflOpaCTBOPHilK ynpotiHMTejib. 
25 Hno6nfr noBbunae? npotiHOCTHbie cBOftcTBa. uhpkohhh m. 

06pa3VH C HUM H 7KeJI9 30M MejIKOHMCTiepCHHe xiaCTHIJLI BTopoft $a- 

3K b ijhpk OHneBoir Marpniie , yjiymnaeT ee xopposncHHyio cTOMK'ocTb. 

IIph coAep?KaHHH b MaTepnaJie hho6hh MeHee 0,5 ua.c.%, 
Hejie3a M9Hee 0.3 Mac.% h xpoMa MeHee 0,005 Mac.% b ^-imp- 

30 K0HH930M Ma?pHU9 KOHetlHOrO H3HSJIHH flOJIH HHT epMeT a JDIHflO F 

Twna Zr(Nb,Pe) 2 , Zr(iTb ,Cr ,Pe) , (Zr, Nb^e b cyMMS 

6^e m c^ecTBSHHO MeHbine 60 o6S ot o6mero cxfeeMa KeJie3oco- 
aepxamux ^acTwr ftopoh $a3u, b pe3yjibTaTe qero K0pp03H0HHaH 

CTOMKOCTb MaT9PHaJia 3aM9TH0 CHHHtaSTCH. EpM coflepacaHHH HM06HH 

35 6ojiee 1,5 m&c.t b MaTepnaJie o6pa3yeTCK 3Hamrre.nbHoe kojik- 



qeCTBO KpynHHX uacrHTT y6-HHo6ne30^ $a3K, tITO cHM^aeT corrao- 

TKBJI9HK9 MaTepHaJia K0pP03HK. 



reTHKe . 



(Zr, DTb) 3 B , e 



, KOTOpfcie onpenSJTHJOT BHC0KH9 K0pp03K0HH0- 
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CoAepntaHHe Htejie3a b MaTepnajie <5oJiee 0,6 Mac.% npHBo- 
AHT k o6pa30BaHMio cKoruieHWH KpynHHX xiacTHU MHTepMeTaji- 
jiH^a THna ZrPe 3 , visJimueVi KoaryjiHUHH flpyrux acejiesoco- 
Aepacamnx tiacTHU btopok $a3bi c MemxiacTM^HbiM paccroHHHeM 
5 MeHee 0,20 mkm. B pe3yjibTaTe MaTepnaji OyAeT HMe-rb iiohh— 
EeHHyio TexHOJiorn^ffiocTb b npoijecce fle$opMai^0HH0J5 o6padoTKn 
h 6ojiee HH3K06 conpoTMBJieHne pa3pyiueHHio b totobom H3AeJiKH. 

ripn coAepwaHMM xpoMa oojiee 0,2 Mac.% b MaTepnajie mo- 
ryT o6pa30BHBaTbCH OHHapHbie MHTepMeTajuin^bi LyipKOHHH c xpo- 
10 mom, yxyAmaromne TexHOJiorHraocTb m conpoTHBJieHHe pa3pyineHHio 
MaTepnajia. 

Hn3Koe coflepwaHHe ojioBa (MeHee 0,9 Mac.%) CHHHcaeT 
KpaTKOBpeMeHHyio h flJinTeJibHyio nporaoc-rb MaTepnajia. KpoMe 
Toro, TaKoe KOJiiwecTBo ojioBa b MeHbinen CTeneHH no^aBJifleT 

15 BpeAHoe BJiHffflne bo3MO?khoh npHMecn a30Ta Ha conpoTHBJieHHe 
MaTepnajia Koppo3HH. Ecjih ojioBa b MaTepwajie (SyaeT oojibiue 
1,5 Mac.%, to 3aMeTH0 CHHHcaeTCH TexHOJiorH^iHocTb MaTepnajia 
npn ropjraetf h ocooeHHO xojioAHott oopadoTKe AaBJieHHeM. 
Majioe co^epHtaHHe KHCJiopo^a ( MeHee 0,05 Mac.%) 

20 npaKTireecKH He A£teT T BepAopacTBopHoro ynpoTmeHHH o( - ijnp- 
KOHHeBoM MaTpMi?j, a coAepiKaHite KMCJiopo#a 6ojiee 0,15 Mac.% - 
CHwmeT TexHOJiorn^iHocTb MaTepnajia. 

CoAepscaHwe KpeMHHH MeHee 0,005 Mac.% HeflocTaTcreHo AJiH 
AHcneprnpoBaHHfl m noBumeHHH oahopoahoctm jihtoE CTpyKTypbi 

25 MaTepnajia, TaK KaK b stom cjiytiae $opMHpyeTCH, npeHMymecT- 
BeHHO, KpynHonjiacTHHwafl CTpyKTypa, xito OTpnuaTejibHO cna- 

3HBaeTCH Ha K0pp03H0HH0— MeXaHHUeCKHX CBOHCTBaX TOTOBOrO H3- 

AejiHH. Ilpn coAepHtaHHH KpeMHHH CBepx 0,15 Mac.% b MaTepwa- 
jie o6pa3yioTCfl HHTepMeTajijiHAti c KpeMHweM, yxyAmaioiuHe ero 
30 TexHOJior iwhoct b h xapaKTepHCTHKH TpeuiHHOCTofiKocTH h conpo- 

TMBJieHHH K0pp03HH H3AeJIHH. 

Hn3Koe coAepscaHHe yrjiepoAa (MeHee 0,005 Mac.%) chh- 
?KaeT Koppo3noHHyio CTOftKocTb MaTepnajia, a npn coAepntaHHH 
yrjiepoAa Gojiee 0,04 Mac.% odpasyeTCH hsohtok Kap6zAa ipipKo- 
35 HMH, KOTOpuft KaK h HHTepMeTajuiKAH KpeMHHH CHHSCaeT TeXHO- 
jiorHtwocTb m conpOTHBJieHHe pa3pyineHHK) MaTepnajia. 

Hocjie BbinjiaBKH cjihtok noABeprawT MexamraecKofty2-o6pa- 
6oTKe , HanpMMep, A^BJieHHeM npw TeMnepaType ot 1070 ao 
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900°C c yMeHbmeHneM fluaMeTpa npH6jiM3MTejibH0 b 5 pa3. Iloc- 
jie 3Toro odpadoTaHHbiM flaBJieHHeM cjmtok HarpeBaioT £o TeM- 
nepaTypH, HanpHMep, I050°C, a 3aTeM 3aKajiHBaioT b Bo^e. 
Ilocjie yflajieHHH noBepxHocTHoro ra30HacbimeHHoro cjioh 3aKa- 
5 jieHHyio 3aroTOBKy oTHCHraioT npw TeMnepaType ot 380°C £0 
650°C. B pe3yjiBTaTe oTHwra npHMepHo B^Boe yBejiwiHBaeTCH 
y^apHan bhskoctb 3aKajieHH0ft 3aroT0BKn 3a c^ieT chhthh 3aKa- 

JIO^HblX HanpflHCeHHK, CHHfiCeHHfl H BbipaBHKBaHHfl njIOTHOCTH £HC~ 

jioKauHfi no ce^eHHio 3aroTOBKK h ^acTHtmoH" TpaHC$opMauiHM 
10 njiacTKH^aTofi CTpyKTypbi c o6pa30BaHneM yqacTKOB BbiTHHyTbix 

no JIMT 0HH3 OBaHHblX 3epeH CX'-U.HpKOHHeBOH $a3H. OflHOBpeMeHHO 
C H3MeHeHHeM CTpyKTypbi MaTpHIJLI nOHBJIHIOTCH CTpO^KH XiaCTMU 

MHTepMe TajuinflOB , b tom qHCJie, THna Zr(NbFe) 2 , ZrXFe.,Cr.,iTb) , 
(ZrNb) Fe > c$opMMpoBaBfflnecfl H3 npocjioeK ocTaTo^i- 

15 HOfty# ~D,HpKOHHeB OH $a3bl. 

Othcht HHHte- TeMnepaTypbi 380°C HeflocTaToxieH juie cymecT- 

BeHHHX CTpyKTypHblX H3MeHeHKft B CnjiaBe, npHBOflfllUHX k Heo6- 

xo#HMOMy noBbimeHHio 3anaca TexHonorM^ecKow njiacTM^HOCTH. 
0T«Hr Bbime 650°C £jih cnjiaBOB c noBbnneHHHM cojiepacaHHeM Tpe- 

20 Tbeno KOMnoHeHTa, HanpHMep, acejie3a, npHBO^HT k #onojiHH- 
TejibHOMy o6pa30BaHHio ocTa-roxiHoft /§ -ujipKoHHeBoft $a3bi H3-sa 
nona,n;aHKfl b ofijiacTb (X njiioc A) CTpyKTypbi, tjto b pe3yjib- 
TaTe npHBOflHT k o6pa3 oBaHHio KpynHbix ^acTHU, HHTepMeTajiJiH— 
,noB, yxymnaioinHX nJiacTWiHocTb, conpoTHBjieHHe pa3pyuieHKio m 

25 Koppo3MOHHyio CTOMKocTb MaTepnajia H3flejMH. 

3aTeM oTOHtateHHyio 3aroTOBKy noflBepraioT ropjraeMy $opMo- 
BaHHK (HanpHMep, npeccoBaHHio) npn TeMnepaType cyi4ecTB0Ba- 
HHHcx'—i^HpKOHHfl, HanpHMep, 620°C, c BHTjraKoft ( ) npH6- 
jiH3HTejibH0 ot 5 flo 12 pa3 h nojiy^ieHHeM TpytfHOH 3aroTOBKH. 

30 3aTeM npeccoBaHHyio 3aroTOBKy noflBepraiOT ^ -3aKajiKe c 

TeMnepaTypbi ot 900°C flo Ij.00°C co CKopocTbio oxjiasmeHHfi ot 
60°C/c flo I000°C/c. B pe3yjibTaTe j$ -3aKajiKH o6pa3yeTCH 
CTpyKTypa MapTeHCHTHoro THna c njiacTHHaMH HepaBHOBecHon 

Oi — LJHpK OHHeBOH $a3bl IDHpHHOM OT 0,4 flO 1,5 MKM H y3KHMH 

35 npocjioHKaMH oCTaTo^mofi y$ -unpKOHHeBOH $ a 3bi nonepe^HbiM pa3- 
MepoM ro 0,1 mkm, a xiacTHUbi HHTepMeTajuinnoB, 06pa30BaBUIH- 
ecH paHee, pacTBopniOTCfl npw HarpeBe h BbmepscKe nepeA 3aKaji- 
Koft. TaKaH njiacTHH^iaTan CTpyKTypa nocjie /&-3aKanKH xapaKTe- 
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pH3yeTCH 3Ha^eHMHMH y^apHOM BH3K0CTM B MHTepBEJie OT 80 

Zo 120 k^k/m 2 . 

SaKajiKa c TeMnepaTypH ume 900°C He npHBoflMT k odpa- 

30BaHHK OflHOpOflHOft TOHKOnJiaCTMHtiaTOM CTpyKTypw, TaK KaK 

5 b 3tom cjiyqae npK HarpeBe nepefl 3aKajiKofi cnjiaB CyfleT MMeTb 
o( njiwc y$ CTpyKTypy. HarpeB nepe£ 3aKajiKoft £0 TeMnepa- 
TypH BHrae II00°C npHBOAMT k xipe3MepH0My pocTy sepeiy^-mip- 
KOHHeBoii $a3U, ^to 3aMeTH0 yxy^maeT TexHOJiorH^HOCTb ciuiaBa 
nocjie 3aKajiKH k nocjieayiomero OTHwra. KpoMe Toro, dojiee bh- 

10 coKOTeMnepaTypHbiK HarpeB TpeoyeT flonojiHHTejibHbix 3aTpaT 
3jieKTpo3HeprHH, *ito CHH»caeT 3KOHOMHTffiocTb cnocoda odpadoT- 

KH. 

SaKajiKa co CKopocTbio MeHee 60°C/c npHBo^HT k MeHee 
TOHKonjiacTMH^aTO^ CTpyKType HepaBHOBeeHoii (X — u,MpK oh we b o i5 

15 $a3H c dojiee rpydbiMM npocjiofiKaMK ocTaTO^HOM y^-uupKOHHeBoft 
$a3bi. Ilpn stom b npouecce oxjiastfleHMH QTflejibHbie npocjioftKH 
ycneBaiOT $parMeHTnpoBaTb c o6pa30BaHHeM CTpo^en MHTepMeTaji- 
JMAOB, KOTopwe npw nocjiepyiomHX oTatwrax yKpynHH»TCH k yxyfl- 
mawT CBofiCTBa cruiaBa. CBepxBbicoKne ckopocth 3aKajiKn dojiee 

20 I000°C He npHBo^HT k flonojiHHTejibHOMy H3Mejib^eHHio CTpyKTy- 
pu, nosTOMy, c tchikh 3peHHH skohomm^hocth cnocoda, oxjiasc- 
fleHwe c TaKHMM cKopocTHMH Heuejiecoodpa3Ho m Tpy^Hoocyme- 

CTBMMO. 

3aTeM ocymecTBjiHiOT oteht npw TeMnepaType ot 380 C 
25 AO 520°C, KOTopbitf yBejiH^HBaeT 3Ha^eHne yflapHOM bh3koctm 
3aKajieHHoro MaTepnajia flo 200 - 250 kRk/u 2 , cymecTBeHHo 
CHMHtaeT npotwocTHHe xapaKTepucTHKH h noBbimaeT iuiacTiWHocTb 
MaTepwajia. Ilocjie TaKoro oTscwra b HeKOTopbix KpucTajuiax 
(njiacTMHax) HepaBHOBecHoM <X -i^pKOHHeBoM $a3bi o6pa3yeTCH 
30 nojiHroHajibHan cydcTpyKTypa. HadjiioflaioTCH ncxoflHbie BHTHHy- 

THe nJiaCTHHbl STOM °( -LtfipKOHMeBOM" $a3bl M yxiaCTKM C pa3MHT0M 
MeJIKOKpMCTaJIJIH^eCKOK CTpyKTypOH. IIpOCJIOHKH OCTaTOXIHOM 

-u,MpKOHneBOM $a3H MeE^y njiacTHHaMH CTaHOBHTCH MeHee tieT- 

KHMH (KaK-dbl pa3MbITHMH ) H B OTfleJIbHNX MeCTaX npepblBHCTbl- 

35 mm. 06pa3OBaHMH HHTepMeTajumflOB npK TaKOM oraMre He npoMC- 

XOflMT. 

Othcht HH?Ke 380°C He npHBOAMT k 3aMeTH0My noBbimeHWO 
3anaca TexHOJiorM^iecKoft roiacTiWHOCTH 3aKajieHHoro cnjiaBa, 
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a npw oTHCwre Bbime 520°C HatiHHaeTCH (JparMeHTamiH npocjioeK 
Jd -ijHpKOHneBofi $a3H c o6pa30BaHweM Ha hx MecTe npoTHsceH— 

HBIX CTpO^eK HHTepMeTajIJIMflOB, XITO B yCJIOBKHX XOJIO£HOi! #e- 

$opMaqnM c dojibinHMH CTeneHHMH o6k&tvih npuBOAHT k o6pa30Ba- 

5 HHK> MMKpOTpeiUMH. 

3aTeM 3aroTOBKy nocjie TaKoro oTKwra no^Bepra»T oflHo- 
KpaTHoi? xojioflHoK o6pa6oTKe jxaBJienvieu c bhthkkoM ( y^- ) 
npn6jin3MTeJibHO b 1,5-2,5 pa3a h Ae^opMautweft ( & ) 30-60%. 
Rjin nojiytieHHH b nocneflyioweM dojiee MejiKOflncnepcHoft CTpyK- 
10 Typti npeflnotiTMTejibHo yKa3aHHyw xojioflHyio o6pa6oTKy ocyme- 

CTBJIHTb C MaKCHMajIbHLIMH CTeneHHMH 0(5jKaTMH. 

Ilocjie oflHOKpaTHoii xojioflHoft fle^opMamm 3aroTOBKy nofl- 
BepraroT npoMeryTotiHOMy peKpMCTajijiK3aqM0HH0My t^-0T?KHry 
(Kan npaBHJio, nppi TeMnepaType 540-640°C). npw TaKOM 

15 <X-0THCnre b fle^opMiipoBaHHOfr MaTpnue vipyT npoueccbi peKpuc- 
TajijiH3ai^MH 3epHMCToii CTpyKTypw m o6pa30BaHHH H3 npocjioeK 
y$ — D,npKOHMeBOM $a3H vl&ctviu, HHTepMeTajiJiH^oB h flpyrux 
BBmejieHMR BTopofi $a3ti. %m 6ojibine OHJia npeflBapHTejibHan 
CTeneHb flet|)opMai;nn, TeM HHTeHCHBHee Mflyr o(5a 3tmx npouecca 

20 h npw dojiee hm3koK TeMnepaType 0( — oTJKwra. B pe3yjibTaTe 

$opMHpyeTCfl MejiK03epHHCTaHC>^-iyipK0HMeBafi MaTpni^a c mcjikkmh 

^aCTHl^aMM BTOpoft $a3H, B TOM tIMCJie MHTepMeTajIJIMflaMM THna 

Zr(iTb,Fe) 2 , Zr (Nb ,Gr f Pe) , (ZrNb) 3 Pe ' P a Cn0Jl0«eHHHMH 
b ochobhom CTpouKaMM Ha MecTax HCXDflHHX npocjioeK /? -I^pKO- 

25 HHeBoii. $a3bi. ^ 

Onepai^HH xojioflHoft fle$opMai^nn m o( -oTacura noBTopniOT 

eme, KaK npaBHJio, TpH-tierape pa3a b 3aBHCMM0CTM ot HOMeH- 

KjiaTypw H3flejiHH. 3a c^ieT ^epeflOBaHHH npoueccoB Ae$opMauHH 

h peKpMCTajuiH3aij^iH <X -uMpKOHneBan MaTpnua MaTepnajia cTa- 

30 hobhtch 6ojiee MejiK03epHMCToM, a CTpo^e^HocTb b pacnojioace- 

hhh xiacTHi; BTopoi^ $a3bi ycTpaHHeTCji. 

TaKHM odpa30M, b KOHe^iHOM M3jaeJinn $opMnpyeTCH noji- 

HOCTbK) peKpHCTajIJIH30BaHHafl CTpyKTypa Ct'— I^HpKOHHeBOH MaTpw- 

Dbi c pa3MepoM 3epHa b ochobhom ot 3 ,n,o 5 mkm h paBHOMepHo 
35 pacnpeAejieHHHMM b stom MaTpnue tiacTHU(aMH ?Kejie3ocoflepKamnx 
HHTepMeTajijiHflOB b ochobhom pa3MepoM MeHee 0,1 mkm, npw 

MeJK^aCTHtJHOM paCCTOHHHH 0,20-0,40 MKM, riJIOTHOCTbK) 15- 

25 mkm""^, npn 9tom fiojiee 60 o6i>eMHHX % H3 odmero odteMa 
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yKa3aHHfeix tiacTHU. cocTaBjmiOT HHTepMeTajumfibi Tuna 



10 



15 



20 



25 



30 



Zr ; (Nb,Fe) 2 , zr(Hb ,Cr ,Fe) , (Zr,ITb) 3 Fe. 

TaKan oflHopoflHan h MejiKOflMcnepcHan CTpyKTypa onpefle- 

jiaeT BbicoKHft ypoBeHb njiacTH^iHOCTH, conpoTHBJieHMH pa3pyme- 

HHK) H K0pp03H0HH0M CTOfiKOCTM MaTepwajia H3fleJIHfl, npHMeHfle- 

Moro b aKTHBHoft 30He aTOMHoro peaKTopa. 

Ecjih b odmeM o6"beMe ^acTMU. BTopott $a3ti sojih HHTep— 

MeTajuiHflOB Zr(iTb,Fe) 2 ,Zr(iTb,Cr ,Fe) , (Zr,Nt>) 3 Fe 
cocTaBHT MeHee 60 o6.% , Tor^a b CTpyKType MaTepwajxa 
oyneT HMeTbCH 3Ha*inTejibHoe KOJiH^iecTBo tiacTHU, HescejiaTejib- 



$a3a, HMeiomHX 6ojiee KpynHHe pa3Mepbi. B peqyjibTaTe SToro 
?Kejie30C0Aep?KamHe tiacTnuti BTopofi $a3H b usjiom oynyT pac- 
npe,iieJieHH b o( -ujipK oHne b o ft MaTpnue c Me Hroac t h^hbim paccro- 
HHHeM 6ojiee 0,40 mkm h no stoVi npwmme Koppo3HOHHan crotf- 
KocTb MaTepwajia 6y^eT CHwrnTbcn. 

PacnpeflejieHwe KeJie3ocoflepacaniHX xiacTHn, c Me sraac t h'^ihnm 
paccTOHHueM 6oJiee 0,40 mkm Ha6jnoflaeTCH npn jierwpoBaHMH 
MaTepwajia Hcejie30M MeHee 0,3 Mac.%. 

B cjiy^ae jierMpoBaHMH u^pkohhh HHofineM, acejie30M h 
xpoMOM CBepx BepxHero npe^ejia coflepHcaHHH sthx KOMnoHeH- 
tob b npe^JiaraeMOM MaTepnajie, MesraacTiraHoe paccroHHHe 
b MaTepwajie vi3fl,emn, H3r oTOBjieHHor o no npeAJiaraeMOMy cnoco- 
6y, MOEeT 6biTb MeHbiue 0,20 mkm, a mp,ejimn c TaKofi cTpyKTy- 
pofi HMeKT noHMHceHHbie xapaKTepucTMKH njiacTiraHOCTM, conpo- 
TKBjieHMfl pa3pymeHHio w noji3yxiec™. 

Ann jiyximero noHHMaHHH H3o6peTeHHH HMHce npMBefleHH kohk- 
peTHbie npHMepbi ero BbinojiHeHHH. 
IlpHMep I 

M3 MaTepwajia, co^e plainer o, Mac.%: 1,5 hho6mM, 0,9- 
ojioBa, 0,5 - )Kejie3a, 0,005 - xpoMa, 0,007 yrjiepo^a, 0,06- 

KMCJIOpOfla, 0,009 - KpeMHHH, OCTaJIbHOe - UJipKOHttfi, H3rOTaB- 

jiMBajiK cjihtok MeTOffOM BaKyyMHo-flyroBoM njiaBKK . Cjihtok no#- 
BeprajiH KOBKe npw TeMnepaType ot I070°C #0 900°C c yMeHb- 
meHHeM ^waMeTpa b 5 pa3. 3aTeM KOBaHHyio 3aroTOBKy HarpeBa- 
jih ao TeMnepaTypw I050°C m 3aKajiHBajin b BOfle. Tlocjie yflajie- 
hhh noBepxHocTHoro ra30HacumeHHoro cjioh 3aKajieHHyio 3aro- 

TOBKy pe3ajIH Ha MepHbie fUIHHbl, CBepJIHJIK OTBepCTHH VL OTKHTajIM 
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npn TeMnepaType 620 U C. Ilocjie 3Toro Mepraie c oTBepcTweM 
3aroTOBKH nojjBeprajM npeccoBaHHio npn TeMnepaType 620°C 
c BbiTHKKofi b 10 pa3 h noJiy^eHiieM TpytfHoft 3aroTOBKH c toji- 
iUHHoft CTeHKH 5,5 mm h BHefflHHM fluaMeTpoM 33 mm. JJajiee npec- 
5 coBaHHyio TpyCfaaTyio 3aroTOBKy 3aKajiMBajiH c TeMnepaTypbi 
950°C co CKopocTbio okojio I00°C/c, a 3aTeM noflBeprajiH ot- 
*nry npn TeMnepaType 425°C. OTOWKeHHbie 3aroT0BKH noflBepra- 
jih xcuioflHofi odpadoTKe no nHTHnpoKaraoK £e(f)opMai],HOHHOfi 
cxeMe c cyMMapHOM fle^opMau^eft (no CTeHKe h ^naMeTpy) Ha 

10 nepBoft h nocjie^yioiUHX npoKaTKax npndjw3MTejibH0 b 50% h 

npoMejKyToxiHtiMM oTSCHraMM npn TeMnepaType 620°C. OKOH^aTejib- 
Huft otjkht nocjie xojioflHoM npoKaTKH npoBO^HJiH npn TeMnepa- 
Type 580°C. Ilocjie npoBe^eHHfl onepau,HH flOBOflKii, nojiy^ajiH 
roTOBbie Tpyow flwaMeTpoM 9,15 mm c tojiiuhhoh CTeHKH 0,65 mm. 

15 IIpHMep 2 

Cnocod ocymecTBjiHJiH aHajroriWHo npmviepy I. Fasjimvie coc- 
TOfljio b tom, trro MaTepnaji coflepiKaji b uac.%: 0,8 hho6hh, 
1,0 ojioBa, 0,6 Htejie3a h 0,01 xpoMa, otkht nepeji ropfraHM 
npeccoBaHHeM npoBOflmiM npn TeMnepaType 650°C, A -3aKajiKy 



20 npeccoBaHHofi TpydHofi" 3ar otobkm npoBOflmm c TeMnepaTypbi - 

900°C co CKopocTbio 500°C/c, a nocjie,nyiomHM othcht - npn TeM- 
nepaType 380°C. 
IIpHMep 3 

Cnocod ocymecTBjiHJiH aHajiorjraHO npnMepy 2. Pa3jiH^we 
25 coctohjio b tom, ^to MaTepnaji coAepacaji B Mac.%: 1,0 hho6hh, 
0,3 acejie3a, 0,04 yrjiepofla, 0,007 KpeMHHH, OTHtnr nepes ropn- 
npeccoBaHweM npoBo^HJiH npn TeMnepaType 520°C; A -3a- 



Kajixy npeccoBaHHoH TpydHofi 3aroTOBKn npoBOflHJiH c TeMnepa- 
Typbi II00°C co CKopocTbD I000°C/c, a nocjieflyiomHft ot/kkt - 
30 npn TeMnepaType 520°C. 
IIpHMep 4 

Cnocod ocymecTBjiHJiH aHanoriWHO npuMepy 3. Pa3jinine 
coctohjio b tom, ^to MaTepnaji coaeprcaji b Mac.%: 1,5 ojioBa, 
0,15 xpoMa, 0,006 yrjiepofla. Otjkhp nepefl ropOTHM npeccoBaHHew 
35 npoBo^MJiM npn TeMnepaType 380°Cy£-3aKajiKy ocymecTBjifljm c 
TeMnepaTypbi I000 o C co CKopocTbio 60°C/c, a nocjie,nyioiuHM ot- 
?Knr - npn TeMnepaType 450°C. 
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IIpHMep 5 

Cnoco6 ocymecTBJifljiH aHajior itoho npwMepy 4. Pa3jwm4e 
coctohjio b tom, tiTO MaTepnaji coflepscaji b Mac.%: 1,3 ojioBa, 
0,005 xpoMa, 0,005 KpeMHHH, 0,01 Kiicjiopofla, otkht nepefl 
5 ropHUHM npeccoBaHHeM npoBOflmiH npw TeMnepaType 620 C, 
y5-3aKajiKy npeccoBaHHofi TpydHOw 3aroTOBKM He flejiajm, a 
no^BeprajiM ee OTmviry npn TeMnepaType 650°C. 
IlpuMep 6 

Cnocotf ocyiiecTBjiHJiw aHajiorimHO npuMepy 4. Pa3JiH^ne 
10 coctohjio b tom, iiTO MaTepHaji coffepHcaji b Mac.%: 1,2 ojioBa, 
0,4 Kejie3a, 0,008 xpoMa, 0,005 yrjiepo#a, 0,05 KMCJiopo^a, 
0, 15 KpeMHHH h oTHcwra nepefl ropF^wM npeccoBaHneM He npoBo- 

flKJIH. 

IlpHMep 7 

15 Cnocod ocymecTBJiHJM aHajioriroHO npuMepy 6. Pa3JiH^ne 

COCTOHJIO B TOM, TJTO ' MaTepHfiUI COflepJKajI 0,05 MaC.% KpeMHHH, 

He npoBOAHJiM y$ -3aKajiKy npeccoBaHHoM TpytfHofi 3aroTOBKM, 
a ee othcht npoBOflHJiH npn TeMnepaType 520°C. 
IlpHMep 8 

20 Cnocod ocymecTBjijuiH aHajiorn*iHO npuMepy 7. Pa3jnwHe 

coctohjio b tom, trro MaTepnaji b Mac.% coflepKaji: 0,5 hho6mh, 
1,0 ojioBa, 0,3 ?Kejie3a, 0,2 xpoMa, 0,01 yrjiepo,n,a, 0,15 khc- 
jiopofla, a otjkht npeccoBaHHoK 3aroTOBKM npoBOflmiH npw TeM- 
nepaType 380°C. 

25 CoflepscaHwe KOMnoHeHTOB h pescuMbi onepau,Hff npeflJiarae- 

Moro cnoco6a jljih Bcex npHMepoB npuBefleHti b Tadjmue I. 
XapaKTepwcTHKH CTpyKTypti Vi cbokctb nojiy^adpHKaTOB m toto- 
bhx Tpy6 npHBefleHbi b T&6jiviu,e 2. ConpoTMBJieHMe pa3pynieHMK) 
oi^eHHBajiH no 3Ha*ieHHHM yuapHofi bh3koctm MaTepwajia nepefl 

30 nepBOM xojiofiHOfi npoKaTKoft m no HajiHtimo MHKpoTpemnH nocjie 
nepBoft xojioffHoVi npoKaTKH, xito TaKHce xapaKTepH3yeT m 3anac 
TexHOJiortraecKoft njiacTironocTH MaTepnajia. 

MwKpocTpyKTypy MaTepnajia totobhx M3,n,eJMfi xapaKTepn- 
30BajiH pa3MepoM ochobhoE Maccbi tiacTML} BTopofi $a3td ( HHTep— 

35 MeTajiJiMflOB ) , cpeflHHM Me striae t m^ihhm paccTOHHHeM h #ojieft 
xjaCTPm Zr(Fb,Fe) 2 ,Zr(ITb,Gr,Pe) ,(Zr,Nb) 3 p e B 0 6meM 

o6i>eMe Htejie3ocojn,epjKamMX tiacTHU, BTopofi $a3bi. CBoffcTBa ro- 

TOBHX Tpyd XapaKTepH30BajIH 3Ha**eHHHMH njiaCTITOHOCTH (yflJIH- 
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HeHHH) n P H MCnblTSHHH odpaSIJOB HB paCTfHKeHUe B npOflOJIbHOM 

HanpaBjieHMH, no yBeJiHtieHHio B eca o6pa3 4 oB b Bo^e aBTOKJiaBa 
n P H TeMnepaType 400°C b T eneHne 72 nacoB h npu TeMnepa- 
Type 350°C b TeneHne 3000 uacoB, no ckopoctm nojiay^ecTH 
b TetieHne 3000 tiacoB McnuTaHHfi npw TeMnepaType 350 C n 
HarpyaKe IOC Mlla h no Ae$opMau,HK paAHai^HOHHoro pocTa 
npn ofijiyxieHMM oGpasupB ro $JiioeHca 5,4- 10 m" (E>0,I M3b). 

Ta6jinua I 



W : 




r.nnprwavmft KfWnOHeHTOB , Mac. 


% 




rmw— 
Me- : 
pa . 


HMOOMK : 

• 


OJIOBO 


:scejre30 

• 
• 


: xpoM 

• 


:yrjie-: khcjio- 
,pos .poA 

• • 


: KpeM— 

, HVlVi 


I 


2 


3 


4 


5 


6 


7 


8 


I 


1,5 


0,9 


0,5 


0,005 


0,007 


0,06 


0,009 


2 


0,8 


1,0 


0,6 


0,01 


0,007 


0, 06. 


0,009 


3 


1,0 


1,0 


0,3 


0,01 


0,04 


0,06 


0,007 


4 


1,0 


1,5 


0,3 


0,15 


0,006 


0,06 


0,007 ■ 


5 


1,0 


1,3 


0,3 


0, 005 


0, 006 


0,01 


0, 005 


6 


1,0 


1,2 


0,4 


0,008 


0,005 


0,05 


0,15 


7 


1,0 


1,2 


0,4 


0,008 


0,005 


0,05 


0,05 


8 


0,5 


1,0 


0,3 


0,2 


0,01 


0,15 


0,05 


9 


1,0 


1,0 


0,5 


MeHee 
0,005 


MeHee 
0,005 


MeHee 
0,05 


MeHee 
0,005 


10 


1,0 


1,0 


0,1 


MeHee 
0,005 


MeHee 
0,005 


MeHee 
0,05 


MeHee 
0,005 



IlpoAOJiHceHHe Tatfjiwubi I 




TeMnepaTypa : 
oTJKHPa ne- 
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npeccoBaHH- 

6M, Oq 


Pe?KMM / 


^-3aKajiKH : 


TeMnepaTypa 


npw- 
Me- : 

pa 


TeMne£< 
Typa, o ( 


a- : cKopocTb 
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npoflojmeHHe Ta6jiHDf)i 
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Tatfjinua 2 
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npoflOJiHceHwe Ta6jinybi 2 



MV« : CBoftCTBa MaTepnajia totobhx Tpy6 
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KaK bhaho M3 npHBe,n.eHHHX npHMepoB MCnojib30BaHiie npefl- 
jiaraeMoro MaTepnajia h cnoco6a nojiyxieHHH mjiemPi m Hero 
o6ecnexinBaeT (JopMHpoBaHne b NtaTepwajie mjxejiviH oflHopoAHoft 
5 CTpyKTypH c MejiKo.nHCnepcHbiM n paBHOMepHHM pacnpeflejieHweM 

tiaCTMD, BTOpoft (|)a3H, 60Jiee 60 06.% , KOTOpoft COCTaBJIHIOT 

xiacTHLp MHTepMeTajiJiHflOB Zr(Nb,Fe) 2 ,Zr(Ifb ,Cr,Fe) , 

(Zr,Kb)3 Fe • ^ pe3yjibTaTe $opMnpoBaHHH TaKOM MHKpo- 
CTpyKTypH MaTepwaji mjxejivm nwieeT BHConoe conpoTHBjieHwe 
10 pa3pyuieHHio, noBbimeHHyio njiacTuxmocTb h conpoTHBjieHHe Kop- 

p03HH, BHCOKyK) CTOMKOCTb K paflMai^HOHHOMy pOCTy H HH3Kyi0 

CKopocTb noji3yxiecTM. 

.fl^H cpaBHeHHH b npHMepax 9 m 10 (TagjiHi^ I m 2) npn- 
Be^eH cnoco6 M3roTOBjieHHH Tpy6, ocymecTBjieHHbift no H3BecT- 
15 uoVi TexHOJiornn (US , A, T « 4649023 - npoTOTHn), npn 3tom 
b npuMepe 9 t&koVi o6pa6oTKe noflBeprajicn MaTepnaji c bhcokhm 
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coflep?KaHHeM Htejie3a, a b npuMepe 10 - MaTepnaji c hh3khm 
coflepstaHneM Hcejie3a. 

OTcyTCTBwe oTKMra. nepefl nepBoft xoJio,nHoft npoKaTKotf 
cnjiaBa c noBtnneHHbiM coflepacaHneM Htejie3a (npHMep 9) npHBO- 
5 flHT k odpa30BaHMio MHKpoTpemHH, b pe3yjibTaTe tiero Bee no- 
jiy^eHHLie K3flejiMH 6hjim 3a6paKOBaHH npw #et|>eKTOCKonHtiecKOM 

KOHTpOJie. XapaKTepHCTHKH xiaCTMU BTOpOM $a3H, K0pp03H0HHafl 
CTOftKOCTb, CKOpOCTb nOJI3y^ieCTM H fle(|)OpMaUMfl paflMai^HOHHOMy 

pocTy b npMMepe 10 3aMeTHo xysce, vqm b npeflJiaraeMOM MaTe- 
10 pnajie 5 o6padoTaHHOM no npeffjiaraeMOMy cnocody. 

IlpOMblinJieHHaH XipHMeHHMOCTb 

Handojiee 3$$eKTMBHo HacroHiuee H3o6peTeHne MosceT 6biTb 

IipMMeHGHO #JIH H3r0T0BJI6HHH HSfleJIHft, ncnojib3yeMbix B aKTKB- 

hom 30He aTOMHLK peaKTopoB. KpoMe Toro, yKa3aHHHM MaTepnaji 

15 MOKeT dblTb HCnOJIb30BaH B XHMHtjeCKOH npOMEHUJieHHOCTK, B MeffH- 

ujxhc k oVi npoMbiiujieHHocTM m flpyrnx odjiac-rjix TexHKKH, rjxe 

Tpe 6yK)TCH BHCOKaH K0pp03M0HHaH CTOftKOCTb, IIJiaCTMtiHOCTb, 

conpoTMBJieHHe pa3pyuieHHio, fljiHTejibHan npo^iHocTb h BbicoKan 
paflMai^HOHHaH ctomkoctb. 
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SOPMyjIA M30BPETEHMH 
I. MaTepwaji Ha ocHOBe ij^pkohhh, c o^epsamHw HMoGuft, 
ojiobo, ?Kejie30, xpoM, yrjiepoA, KMCJiopofl, KpeMHMM, m MMeio- 
uiHM MHKpocTpyKTypy, BKjiiotiaioiiiyK) tiacTHUbi ojioBoco^epscamux m 
5 Hcejie3oco,nepHcamMX MHTepMeTajijm#OB, OTJiH^aioBiHi!- 

C H TGM, TJT0 OH CO^epJKMT KOMTIOHeHTH B CJieflyOUeM COOTHOUie- 

hhh, uac.%: 







- 0,5-1,5 




OJIOBO 


- 0,9-1,5 


10 


Eejie3o 


- 0,3-0,6 




XpOM 


- 0,005-0,2 




yrjiepofl 


- 0,005-0,04 




KHCJIOpOJl 


- 0,05-0,15 




KpeMHH?! 


- 0,005-0,15 


15 


UHpKOHHM' 


- OCTHJIbHOe, 



ripn 3tom MHKpocTpyKTypa MaTepnajia BKJimaeT uacTHiijbi scejie3o- 
coAepstamMX HHTepMeTajijiimoB Tuna Zr(l\Tb,Pe)2» Zr(Fe,Cr,ITb) , 
(ZrjlNrb)^ Fe * cyMMa KOToptix paBHa hjir 6ojiee 60 o6teMHHX 
ot o6mero coflepscaHHH HcejiesocoflepscamHX HHTepMeTajuinflOB npn 
20 paccTOHHHM Menyjy *jacTMiJ,aMn ot 0,20 flo 0,40 mkm. 

2. ]A3p,ejivie, Mcnojib3yeMoe b aKTHBHofi 30He aTOMHtix pe- 
aKTopoB, M3 MaTepwajia Ha ocHOBe uhpkohhh, BKjiKroaiomee MaTe- 
pnaji, coflepacamHfi hmo6m^, ojiobo, Hcejie3o, xpoM, yrjiepo.ii, 

KMCJIOpOfl, KpeMHHft, I^MpKOHHH- OCHOBa H MMeKXUIW MHKpOCTpyK- 

25 Typy, BKjiioqaiomyio tiacTHijbL ojioBOCOflepscaiuHX h Eejie3ocoflepHca- 
iuhx nHTepMeTajijiM^OB, oTJiH^anmee'CH TeM, tito 
MaTepnaji H3Jj,ejiMH cojiepsciiT KOMnoHeHTti b cjiejjyiameM cootho- 
raeHHM, uac.%: 



hmo6hM 


- 0,5-1,5 


ojiobo 


- 0,9-1,5 


»cejie30 


- 0,3-0,6 


xpoM 


- 0,005-0,2 


yrjiepofl 


- 0,005-0,04 


KHCJIOpOJJ, 


- 0,05-0,15 


KpeMHHM 


- 0,005-0,15 


UHpKOHHM 


- oCTajibHoe, 


a MHKpocTpyKTypa M3JiejiHH npeflCTaBJiaeT co6oh unpKOHMeByio 



MaTpHuy, ynpo^HeHHyio tiacTHi^aMM ojioBocoAepsaiuHX h ?Kejie3o- 
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coflepJKamnx wHTepMeTajijmsoB, npn 9tom no MeHbnieft Mepe 

60 o6i>eMHbix % ot o6mero KOJiwuecTBa HcejiesocoflepscamMX MHTep— 

MeTajIJIHflOB COCTaBJIHKJT tiaCTHI^I MHTepMeTaJIJIMflOB TMna 

Zr(lTb,Fe)2, Zr(Fe,Cr ,Nb) , (Zr,Nb) 3 Fe n P H P ac ~ 

5 ctohhmh uemgy tiacTMuaMH ot 0,20 ;no 0,40 mkm. 

3. Cnocod nojry^eHHH M3fleJinfi, Hcnojib3yeMHX b aKTHBHoK 
30He aTOMHbix peaKTopoB, M3 MaTepwajia Ha ocHOBe uhpkohmh, 
co^epEamero hho6hM, ojiobo, Kejieao, xpoM, yrjiepos, KHCJiopo,*, 
KpeMHHfi, BKJiKraaioiiwft H3roTOBJieHHe cjiHTKa, npe,n.BapHTejibHyio 

10 6eTa-o6pa6oTKy cjiHTKa, nojiy^eHMe saroTOBKH nyTeM ropfmerc 
$opMOBaHHH cjiMTKa npn TeMnepaType cyinecTBOBaHHH ajia&a-imp- 

KOHHH, XOJIOAHOe $OpM0BaHH6 3SP0T0BKM C npOMeJKyTO'UHHMH OT- 

Kvir aMM npn TeMnepaType cymecTBOBaHHH ajib$a-u,HpKOHMH vl flo- 
BOflKa 3aroTOBKM ffo nojiy^eHHfl roTOBoro K3£ejiHH, o t ji m - 
15 naromMttcfl TeM, ^ito ncnojib3yi0T MaTepnaji, coflepsca- 
mHfl KOMnoHeHTbi b cjieflyiomeM cooTHouieHHW, uac.%: 

HMo6wii - 0,5-1,5 

ojiobo - 0,9-1,5 

HteJie30 - 0,3-0,6 
20 xpoM - 0,005-0,2 

yrjiepoA - 0,005-0,04 

KHCJiopo^ - 0,05-0,15 

KpewHHM - 0,005-0,15 

U.HpKOHMft - OCTaJIbHOe, 

25 n P H 3T0M nocjie ropjrcero $opMOBaHMH cjimtkb npw TeMnepaType 
cymecTBOBaHHH ajib$a— umpkohhh 3aroTOBKy oTraraKT npw TeM- 
nepaType ot 380°C ,11,0 650°C. 

4. Cnoco6 non.3, oTJiH^aiomnwcfl TeM, uto 
nocjie 6eTa-o6pa6oTKM nepe.n ropOTtfM $opMOBaHweM cjiMTKa 3aro- 

30 TOBKy oTJKMraBT npw TeMnepaType ot 380 #o 650 C. 

5. Cnoco6 no n.3 mm 4, o t ji a b m h c a 
TeM, ^to nepefl otkhtom nocjie ropjraero $opMOBaHHfl 3aroTOB- 
ny noflBepraioT 3anajiKe c TeMnepaTypu ot 900 C p,o I TOO C, 
npn 9tom yKasaHHbitt otkht ocymecTBJiHKT npw TeMnepaType ot 

35 380°C so 520°C. 

6. Cnocod no n.5, oTJiw^awmHtfCH TeM^ ^to 
3aKajiKy ocymecTBJiniOT co cnopocTbio ot 60°C/c jio 1000 C/c. 
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